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mature fruit, referred to this species, differ somewhat in 
foliage from typical L. scopulorum, and simulate Coniose- 
linum Canadense so very closelv that mature fruit is neces- 
sarv to distinguish them. Collectors should carefully note 
whether any so-called specimens of L. scopulorum develop 
fruit with lateral wings. These wings are often developed 
so late in the maturing of the fruit that it must be fully ripe 
before any decision can be made. 

Wabash College, Craw for dsvillc, Jnd. 


Zvgomorphy and its causes. I. 


re 


CHARLES ROBERTSON. 

fading a toot-note in Gray’s Structural Botany 1 
tening to the observation of Sprengel, that irregular flowei 
are adapted to insects, and “ that strictly terminal and a Is 
vertical flowers, whether erect or suspended, are seldom ii 
regular, while comparatively horizontal or obliquely 
owers more commonly are so,’ and also referring to the 1 
mark of Darwin.- “ that he does not know of a single instant 

0 an irregular flower which is wind-fertilized, I have ottc 

wondered what are the conditions in the insect relations 
ouzontal flowers which make advantageous such variatioi 
if a [ e / n tbe direction of irregularity. In the observation 
. e e savior of insects on such flowers I have found answe 

to snmp nt __if_ . 


mr,.- ” umeient that it is hai, _ 

,, e . an re ferences to these papers. However, it ma )j 
, ’• , ' n . a y °^iotroduction, to mention some ot the P" 1 

from fi ere r by Del P ino ; and I am more inclined to dojt 

van', d*at he introduces a few terms which are 

OrfB in L ^ la iacterizi n g irregular flow r ers. . 

Ctlu . se f which are supposed to have operated m 
catf*<r-i ,10n doral irregularity Delpino recognizes t i 

_ ^ les, ^ lz '* die instrumental and mechanical (causSp 

''-d'' notel. 

» ^•IcberZyeoriLomhi^T, ^ ^ 2 Fornisof Flowers* 147. 

H, t[ f lsM6,2^7-346 s»£ ^ ereu b r rsachen. Jahrb. ftir wissench. Botani^* 

e sue cause, Malpighia. Anno I, Fasc. VI, 1886. 245 
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mentali e meccaniche), the influencing or conditional (cause 
influenti o condizionali), the flnal. functional, or biological 


In the 


most Labiatre, 

Adapted 


(cause tinali, funzionali, o biologiche). 

Of zygomorphy four grades are distinguished. H (HH 
first grade (recentissima) the irregularity is limited to a de¬ 
flection of the stamens and styles. The second (recente) and 
the third (inveterata) form transitions to the fourth (invetera- 
tissima), in which there is unequal development of one or 
more circles with partial or total abortions of certain organs 
as in the orchids. Mowers of the first two grades belong to 
groups in which the types are regular, those ot the last two 

belong to zygomorphous groups. 

From the point of view of flnal or functional causes zv go- 
morphy is an adaptation for cross-fertilization by special in¬ 
sects and honey-sucking birds. Most irregular floweis aie 
adapted to bees (melittoflli). Many are adapted to hawk- 
moths (sflngoflli) and birds (ornitoflii), few to butterflies an 
flies. It the stamens and styles turn so as to strike the vis¬ 
itor on the back, the flower is nototribe; it they strike the 
under surface of the visitor, the flower is sternotribe: it pollen 

i n 1 • 1 . .1 • « . l H l n / 

Nototribe flowers adapted to bees are^^HI 

Scrophulariacese, Bignoniaceaj, Lobeliacea?, etc. I 

to birds is Kpiphyllum truncatum.' Sternotribe bee-flow eis aie 
rnost Papilionacele, Rhododendron, etc. Amaj'yllis toimo- 
sissima is adapted to birds/ and Lilium longiflorum is sphing- 
ophilous. Pleurotribe flowers are adapted to ? - 

Phaseolus, Lath\ r rus svlvestris and Pojygala myrtitoha. 

1 wo proteranclrous flowers, Teucrium Cham^drvs an 
Y c ymum Basilicum, are compared. The former is nototn ^e, 
the latter sternotribe. In the male stage in Teucnum t ie 
stamens turn down and the styles turn up : in Ocv nauni t ft 
stamens turn up and the style turns down. In the tema e 
stage in Teucrium the stamens turn up and the stvle turns 
0wn : in Ocymum the stamens turn down and the stv le turns 
U P- These adaptive movements are referred to the opeiation 
01 biological causes. Wind-fertilized flowers are actinomoi- 

'P^JC, and belong to actinomorphic orders. 

To the mechanical theory ot De Candolle, that lriegu 
ant y Ny as caused by compression in the axils of leaves, 1- 

«1 Mf. 11 ' 10 (larsi tre sort* dimpollinazioui, nototriba cioe.sternotriba e Am. 

Yrn ^^inalis and Salvia splemlens are other 
u 4*J<, and XV *>65 r _ : . 

i plrP?^ lla ^ Us commonly visited bv the niby- throated humming 

Chfimajcrist*^ 5 ^ el ^ er exa mplea were described by J. E. Todd, Am. - * • * ^ 


bees. 


o* 


• % 
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the others. 


though not antheriferous, he says : 


between the leaves and the axis, it is objected that some 
terminal flowers are irregular, and many axillary flowers are 
regular. 

The fifth stamen of didvnamous flowers is partially or 
totally aborted, and is found in the plane of greatest press¬ 
ure. But this stamen, if developed, would occupy the place 
of the style, and might defeat the contrivances tor cross¬ 
fertilization, so that this abortion may also be reterred to 
functional causes.'* Admitting the association ot the two sets 
of causes, which ought to be regarded as having more ititlu- 
ence? Citing the case of Pentstemon and Jacaranda, in 
which the fifth stamen is even more strongly developed than 

this case the biological cause has triumphed over the mechan¬ 
ic'll.” 

In Ajuga and Teucrium the upper lip is reduced, which 
may be attributed to the action of mechanical causes, from 
being in the plane of greatest pressure, but in Salvia the 
upper lip is strongly developed. “ Behold a new example of 

the prevalence ot biological causes.’ 

Since the pressure between the bracts and axis operates 
in a vertical direction the expansion ought to be in an hoii- 
zontal direction : but the organs are most strongly developed 
in a vertical direction, in the plane of greatest pressuie. 
finally, the author concludes that, ninety times in a han¬ 
dled. mechanical causes are subordinate to the functional. 

1 o say that a flower is adapted to be cross-fertilized by 
ceitain insects seems to Delpino to be a sufficient explanation 

f Ar ” ^-‘ ’ ’ ’ • ’ nother way 

finali ” 


< *f it, but Mr. Darwin would say that it is only ar 
ol say ing that it is as vve find it. If instead ot ‘‘ct 


cause 


\\e substitute natural selection, we shall have a known cause, 
and natural selection is a functional cause, since it opeiates 
on \ on variations which involve a functional advantage. 

It is interesting, however, to observe that even teleohup 

considerations mav be sufficient objections 


ical 


which undertake to account tor zygomorphv, while ignoring 

t le selective influence of insects : for it is inconceivable tha 


any cause, such as gravitation, should operate in such a teg' 
uar way as to effect and maintain an adjustment to certain 
'in sot visitors. Suppose an insect lights on the stamen 
an sty es of an horizontal flower, how can gravitation hav 
more power to facilitate fertilization bv turning these oigan. 


VVt) iuul t0 uatu ral selection by Muller (Fertilization of B^0 w * t ** 

00011 ,p,m - Flowers in Relation to Insects, 136). 
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up at the tips than to prevent it by turning them down? It 
it bends the styles in different directions fertilization will be 
more likely to occur in those flowers whose styles turn up. 
In this way the selective influence ot insects will determine 
that only those flowers will be preserved whose styles are 
affected in a certain way by gravitation, so that the influence 
of gravitation will be subservient to the selective influence ot 
insects. It. however, the action ot the clinostat destroys the 
curvature of the styles, this character is said by V ochting to 


be due to gravitation. If it tails to destroy other characters 

these are referred to an internal cause. 

It seems to me that the principle ot selection is the strength 
ot the philosophy which undertakes to account tor the oiigin 
ot adaptations. There can be no doubt that different causes 
suggested by authors have operated to produce modifications 
in lateral flowers, but, as already observed, it is inconceiv¬ 
able that any of these causes should have had any influence 
in the absence of insects. On the other hand, insects can 
not be supposed to have produced variations, but, by detei- 
mining that variations of a certain kind are advantageous, 
they are the cause of those modifications becoming peima- 

nent characters of the flowers, so that, after all, they may 3e 
considered to be the cause of the adaptations. „ J0 

In a paper entitled “ From Buttercups to Monk s-hood, 

fhunt Allen follows a regular flower, lik*• Ranunculus* 


P . - - Pa regular 

through its transformations into an irregular torn), like Aco- 
nitum. He says : “ The secret of the monk s-hood depen s, 

in the first place, upon the fact that the flowers are clustere 
ln to a spike instead of growing in a solitary isolation at t e - 

How, Mr. 


terminal 


__lgl*OWing 

^nd ot the stem, as in the common buttercups. 

Herbert Spencer has pointed out that solitaryBI 

[lowers are always radially symmetrical, and never one-sided, 
_ ecause the conditions are the same all around, and the 


in< r 


insects can light upon them equally from every side. 

m flowers which grow sideways from a spike aie very ap 
to become bilaterally symmetrical; indeed, whenevei tie\ 
aie not so one can always give an easy explanation ot tieir 
Aviation from the rule.” * * “As each bee would nec¬ 

essarily light on the middle or lower portion of the flower, 
le would begin by extracting the honey from the two upper 
petals; but it would be rather awkward tor him to turn ea 
t>\\ nward and suck the nectaries ot the three bottom ones. 

cours e of time, especially after the flo wer began to 

P- Sci. Monthly, XXIII, 63-68. reprinted from Knowledge 
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acquire its present shape, the two top petals became special¬ 
ised as nectaries, while the three lower ones gradually atro- 


. a r ”— w L " w ucv 

izea as nectaries, while the three lower ones giauuauj 
phied. since the colored sepals had practically usurped their 
atti active function. The views thus stated are not so fanci¬ 
ful as they may seem, as it is proposed to show in this paper. 

of Sci\ inp^ thnt flip Kpp uiAniri on the middle or 


Instead of saving that the bee would “ light on the middle or 
owei portion of the flower, ' I should sav that he would light 
on t le middle , and this will account for the fact that the nec- 
tane> uie on the upper side. In those dowers in which the 
ee onginally lighted on the lower part, the nectary is re- 
ainec on the lower side and the upper nectaries abort. 

tartmg with the turning of a regular dower to an hori- 
zom ?. P os idon, what conditions make certain modidcations 
possi e or advantageous: In the drst place, an erect, regu- 

th a ttracts insects equally from all sides, and oders 

le expanded petals as a landing to a bee approaching from 
♦ n\ liection. The nectaries are as conveniently reached 
lorn one side as from another. The dehiscent anthers are 

nprt^^ . sc L. as to a PPiy pollen to a bee sucking any of the 
, ar *- es ", y r . the nectaries and anthers are both set in the 

to trm ,u ee - oo any side. The stigmas are as likely 

vyV , e J” sec ^ coming from one side as from another. 11 

. ,t r St^^ ee n ti 1 ^ causes ofeertain dowers assuming 
seem< trt\ ess horizontal position, the principal advantage 
dilicrAnt o oen a restriction of the visitors to the most 

an/ butterflies oJ°tr 01 . the , 1 rto " ers adapted to wasps, flies 

refill-ii- mi ’ ,° t0 misce daneous visitors, are erect and 
of ewliirffn 16 ^ ia !\S e to a lateral position has had the edect 
advantaerp ^. misce ;Haneous visitors, and has given bees the 
If small Slace , the y cling to the dowers more readily- 
may be ,if :^ y crowded dowers become horizontal the}' 

have prodnr rf • ° a the conditions which are supposed to 

but they lack tlJ Selective 

shown from the fu4 le .' m P ortance ot insect agency is 

sects have the st mn - t i.‘ U - SUch ^°, wers remain regular. In¬ 


sects have tho o * , 1 such flowers remain regular. in * 

that thev I t- 4 me re , lation t0 small, crowded, lateral flowers 
*• thev fertilize th? rt ,° VV J rs in . fl at-topped inflorescences, 

escencm! bit H C ^ do n .ot suck. They visit the indor- 

to have anv n itV? i Vlslt the single flowers in such a way as 
Pose that the floras of p® lalion . t0 the m. No one would sup- 

-- ‘ k-ompositai would become irregular 1} 

n S^0p j , ^ 

1^6, 54, 4i * HoQigbehiiiter und der Befruchtun^^' ve rkz6n.-<- 
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becoming horizontal. The first condition, therefore, which 

% ™ — * " I ' * w 

is supposed to give rise to zygomorphy is that the flower 

must be large enough to oiler some part of it as a landing to 
the insect. 

It one wished to understand the most important characters 
of zygomorphic flowers he might ask this question : How did 
some flowers come to be sternotribe with nectaries on the 
upper side, and others nototribe with nectaries on the lower 
side.' These peculiarities seem to have depended on what 
. P ar t of the flower originally offered a landing to the insect. 
/ Insects seem to prefer the stamens and styles as a lighting 
place, and to have used them as such in all cases except those 
in which these parts were concealed in a tube. This may be 
because these organs were most horizontal, or came in the 
way of the lower petals, and because the pollen which they 
bear is often the object of the visit. f <• . 

According as the original characters of the flowers are 
supposed to favor the development of sternotribe or nototribe 
zvgomorphy, we will consider flowers in two divisions: i. 
“olypetalous (including monocotyledons), shallow gamope- 
talous and deep gamopetalous flowers with exserted stamens 
a nd styles. 2 . Deep gamopetalous flowers with included 

organs. r . . , , n 

Carlinville , Ills . 


Notes 011 structures adapted to cross-fertilization. 

AUG. F. FOERSTE. 

t 

(WITH PLATE VIII.) 

Silene Pennsylvania is proterandrous ; the shortei sta- 
jnens alternating with the petals maturing first, then the 
ongei stamens. After the anthers are effete the styles sep- 
Tk becom e bairv along one side and are ready tor pollen* 
, e Cu P beneath the ovary formed by the top of the an- 
( ^P 101e forms a nectary, from which the honey ma} flow 
«times into the calyx tube below; owing to the length of 
v ls , ^oe the flower would seem more adapted to fertilization 
. utterflies, but bees were most frequently observed. ie 
sq !i SOn cor olla turns bluish* purple at the crown teeth as soon 
3,^ s *3^ es become effete, a sign for insect visits to cease. 
/ ( " > c 8 la has scarlet flowers ; the change w Color, ill 








